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in the present study, we demonstrate cognitive differences between the groups and provide the first 142 assessment of test-retest reliability of the VPQ. 143
Using the VPQ to group and recruit participants, we tested both subjective and objective measures 144 of the rubber hand illusion, with five different manipulation. Two of these manipulations were the 145 standard synchronous and asynchronous conditions. Based on published findings (Derbyshire et al. 146
2013), we predicted that individuals within the responder groups to be less sensitive to synchrony 147 (i.e. they will show the illusion in both conditions). We had no predictions about whether this effect 148 would be found for one or both responder groups. Two further manipulations involved the visual 149 presentation of touch from a paintbrush or light from a laser pointer in the absence of any physical 150 sensation. Here, our prediction was that the sensory-localised group (who feel sensations in the 151 same location that they observe them on others) would show the RHI illusion, as found for mirror-152 touch synaesthesia (Aimola Davies & White, 2013). The fifth condition involved the reverse scenario 153 of feeling touch while observing an untouched dummy hand. We were not aware of any previous 154 report of this manipulation inducing the RHI, hence, this serves as an important control measure 155 across all groups to assess for a general bias in responding. 156
157

Materials and methods 158
Participants 159
Ninety-eight volunteers from the University of Sussex took part in the experiment (70 Females; 28 160
Males; Aged 18-34 yrs; Mean = 21.75 ± 3.11 SD). Each participant completed the Vicarious Pain 161
Questionnaire (VPQ) and were divided into three groups based on the 2-step cluster analysis 162 performed on the VPQ (see section 2.2 for further description). The groups were: 57 non-responders 163 3.31 SD, 68 Females, 14 males) who had taken the measure twice, at least one academic year apart. 170
We used this dataset to undertake an analysis of test-retest reliability of the VPQ and to determine 171 how the group structure is affected by different parameters entered into the clustering model. 172
Cluster analysis is an exploratory analysis that requires large data sets (Landwehr & Zupan, 1987 ) 173 and so was run on the entire sample, and not just the experimental subsample. 174
Vicarious Pain Questionnaire 175
Description. The Vicarious Pain Questionnaire (VPQ; developed by Grice-Jackson and 176 colleagues, 2017a) was run using Bristol Online Survey. 177
The questionnaire comprises 16 videos (no audio) of people experiencing physical pain (e.g. 178 falls, sports injuries, injections), each video lasting for approximately 10 seconds. 179
After each video, participants were questioned about their experience. First, participants were asked 180 if they experienced a bodily sensation of pain while viewing the video (yes/no). If the answer was 181 "yes"', participants were asked to describe their pain by answering three more questions about their 182 experience: 1) how intense their pain experience was (1-10 Likert scale, 1= very mild pain, 10 = 183 highly intense pain); 2) if and where they localised the pain, answering options were either "localised 184 to the same point as the observed pain in the video", "localised but not to the same point", and "a 185 general/non-localisable experience of pain"; 3) to select pain adjectives from a list that best 186 described their vicarious pain experience (10 sensory descriptors such as "tingling", "burning", 187 "stinging", 10 affective descriptors such as "nauseating", "gruelling", "aversive" and 3 cognitive-188 evaluative descriptors "brief", "rhythmic", "constant"). From these answers, a Localised -189
Generalised score was computed from the total of "localised to the same point" and "localised to a 190 different point" minus the total number of non-localisable (generalised) experiences. A Sensory -191
Affective score was computed from the total number of sensory adjectives minus the total number 192 of affective adjectives. 193
Subsequently all participants (regardless of their affirmative or negative answer to the first 194 question) were asked to rate how unpleasant their experience was (1-10 Likert scale, 1= not at all 195 unpleasant, 10=highly unpleasant). The final section of the VPQ asked participants if they had7 previously experienced vicarious pain in their daily life and how regular that happened (10 point
Two-
Step Cluster Analysis. The two-step cluster analysis comprised an initial hierarchical cluster 199 analysis using Ward's Method (Ward, 1963) (see table 1  212 for detailed description of the items). These last four questions were added at a later stage and 213 therefore data was gathered only from a subset of participants (N=39). 214 Cramer's V is a measure of effect size where V>.5 is considered large. As such, we conclude that the 278 VPQ measure is reliable over time and the reliability is enhanced by adding mean intensity rather 279 than total number of pain responses (as used in Grice-Jackson et al., 2017a, 2017b), although it is to 280 be noted that both methods are adequate and yield only minor differences in the clustering across 281 the whole data set (presented in supplementary results S1).
215
Means and standard deviations of proprioceptive drift for each condition and in each group are 284 shown in Table 1 Considering first the effect of synchrony/asynchrony, the 2 x 3 ANOVA used for synchronous and 290 asynchronous conditions showed significant main effects of stimulus type, F (1,189) = 20.808, 291 p<0.001, η 2 = 0.039 and group, F (2, 189) = 3.800, p<0.05, η 2 = 0.099 on proprioceptive drift. There 292 was also a statistically significant interaction between the effects of group and stimulus type, F 293 (2,189) = 3.774, p<0.05, η 2 = 0.038, indicating that synchronous and asynchronous stimulations 294 evoked different group effects. Post-hoc tests using Bonferroni corrections revealed that 295 proprioceptive drift was significantly higher in S/L (19.332 ± 3.21) than in controls (9.503 ± 1.971), 296 p<0.05. Significantly greater proprioceptive drift was found in the asynchronous condition in the S/L 297 group when compared to controls, t(76)=-3.017, p<0.005, and to A/G, t(38)=3.540, p=0.001. No 298 significant differences were found in the synchronous condition. Differences between synchronous 299 and asynchronous conditions were assessed within the three groups. Proprioceptive drift was 300 significantly greater in the synchronous than in the asynchronous conditions in controls, t (56) = 301 4.520, p <0.001, and in A/G group, t(18) = 4.723, p<0.001. However, there was no significant 302 difference in proprioceptive drift in the S/L group, t(21) = 0.848, p =0.407. Figure 1 shows all these 303 results. In short, the S/L responder group shows a disruption of body ownership insofar as they have 304 a greater tendency to incorporate asynchronous touch to the dummy hand into their body schema. 305
The other three conditions were analysed using one-way ANOVAs, as the focus was on differences in 306 between groups, rather than direct comparisons of the conditions. No significant differences were 307
found for see-touch, F(2,94) = 2.153, p=0.122 and feel-touch, F (2,95) = 1.231, p=0.297 conditions 308 between the groups. This is important because it suggests that there isn't a general tendency to 309 incorporate the rubber hand (or a general response bias) but, rather, a specific tendency to do so 310 under some conditions. There was a significant difference in the light condition, F (2,92)= 5.601, 
Subjective ratings 327
Since almost half of the conditions failed Shapiro-Wilk normality test, each of the three subscales of 328 the RHI questionnaire: ownership, location, and agency were analysed using Mann-Whitney U non-329 parametric test. In the synchronous condition, the S/L group scored higher than controls on the 330 ownership scale (U=423.5, p=0.026), on location (U=421.5, p=0.024) and on agency (U=449.0, 331 p=0.05). In the asynchronous condition, they scored higher than controls on ownership (U= 103.0, 332 p=0.03) and on agency (U=126.5, p=0.044) and A/G also on the ownership (U=103, p=0.006) and 333 agency (U=126, p=0.027). They also scored higher than controls in the light condition on the 334 ownership (U=423.5, p=0.026) and location (U=422.0, p=0.025) subscales. In summary, the 335 questionnaire results show a similar pattern to the proprioceptive drift scores: the S/L responder 336 group shows a greater tendency to incorporate the dummy hand on the asynchronous trials. In 337 addition, there was a greater tendency for them to report the RHI on the standard, synchronous, 338 condition. with affective qualities. We show that the S/L group has a distinctive pattern on the RHI, whereas 379 the A/G resembles controls. The S/L group show the RHI for both synchronous and asynchronous 380 stroking (in terms of higher proprioceptive drift and subjective ratings of ownership and agency). 381
Moreover, there was a trend towards higher proprioceptive drift in the light condition, and they also 382 reported greater subjective ratings in the synchronous condition. None of the groups experienced 383 the illusion when the RHI was broken down into its constituent parts (seeing the dummy touched, 384 the 'see-touch' condition; or feeling one's own hand touched, the 'feel-touch' condition). This 385 demonstrates that there is not a general tendency towards incorporating the rubber hand per se, 386 nor a general tendency for the RHI to be driven by the sight of touch (as suggested previously for 387 mirror-touch synaesthesia). Together, these results provide evidence that the S/L group have a 388 heightened tendency to incorporate the rubber hand within their own body representation under 389 In the sections below we discuss the results in detail. Firstly, in relation to previously reported 398 individual differences and group-based differences in the RHI. Secondly, we discuss our findings in 399 relation to theoretical models of the RHI. 400
401
Previous atypical findings in the RHI 402
Previous literature has documented atypical RHI susceptibility patterns in clinical conditions 403 including eating disorders, schizophrenia, and autism and our results will be discussed considering 404 similarities or dissimilarities with these conditions. 405
Our results resemble findings that have been previously reported in the eating disorder literature. condition. It does, however, make the testable prediction that eating disorders and these 431 differences in vicarious pain perception may co-occur more than chance if they share similar 432 neurocognitive mechanisms. 433
The heightened tendency towards experiencing the rubber hand has also been associated with 434 more pronounced psychotic traits, but, this manifests itself as an exaggeration of the normal 435 body ownership in the normal way. For instance it is to be noted that both the visual and tactile 475 signals are equally correlated in both the synchronous and asynchronous conditions. Whereas they 476 are in-phase in the synchronous condition (occur simultaneously) they are out of phase (occur 477 consecutively) in the asynchronous condition (i.e. correlations of +1 and -1 respectively). In our 'see 478 touch' condition the dummy hand was touched and in our 'feel touch' condition the real hand was 479 touched; i.e. there was never a correlation between them. It may be that the S/L group are 480 sensitive to visuo-tactile correlations, whereas the more typical pattern is to rely also on visuo-tactile 481 simultaneity. This generates a testable prediction that asynchronous stroking in which the strokes 482 occurs unpredictably (i.e. with zero correlation) would not lead to the RHI in the S/L group. 483
A second model that has been proposed by Rhode, Luca and Ernst (2011) states that the RHI is 484 disrupted by asynchrony rather than enhanced by synchrony or matching signals. Their study found 485 that visual capture alone (i.e. looking at the dummy hand with no touch to either hand) produced 486 comparable proprioceptive drift to the synchronous condition. The authors proposed that 487 proprioceptive drift is typically found when looking at an anatomically plausible dummy hand and 488 that the asynchronous control condition has a negative effect on the visual capture of 489 proprioception as opposed to the synchronous condition having a positive effect on visual-490 proprioceptive integration. Within this model's framework, our result shows that asynchronous 491 stroking does not weaken the visual-proprioceptive integration in the S/L group suggesting that this 492 group is not treating the visuo-tactile signals as mismatching. The main condition that adjudicates 493 between this model and the previous one is whether there is drift in the absence of any touch to 494 either hand. Our study did not include this condition and it is important for future research to 495 explore this with these groups and in terms of other individual differences. 496 A third theoretical model, the predictive coding or Bayesian framework, proposes that the rubber 497 hand illusion can be construed as the interpretation that different sensory signals (tactile, visual, 498 proprioceptive) have a common cause, i.e. that the signals are attributed to a single hand rather 499 than two different causes namely a dummy and a real hand (see Samad, Chung and Shams, 2014) . 500
The attribution of a common cause depends on two things: the nature of the incoming sensory 501 signals (e.g. how well they are matched) and prior expectations (e.g. how long it takes for an 502 observed touch to be felt). With regards to the sensory signals, those that are spatially and 503 temporally aligned are more likely to be integrated (i.e. attributed to a common cause) -as in the 504 original Botvinick and Cohen (1998) explanation and other models in that tradition. However, there 505 is an additional property of the sensory signal that is relevant namely it's precision. More precise 506 sensory signals are weighted more heavily, so vision with its high spatial precision tends to dominate 507 over proprioception and, hence, the illusion as measured by proprioceptive drift can occur just by 508 looking at the rubber hand (Rohde, et al. 2011; Samad, et al., 2014) . This may also be a source of 509 individual differences: if an individual has poor proprioception abilities then they should show a 510 stronger influence of vision and a greater RHI. This is a testable prediction that could account for 511 some of the reported differences including those we observe for the S/L group (note: previous 512 studies on the RHI measure proprioceptive drift rather than actual proprioceptive ability). Overall, 2 subjects changed group at time 1 when comparing TPR with Intensity representing 2.44% 764 of the sample (N=82) and 4 subjects changed group at time 2 representing 4.88%. 765
Supplementary Results 759
S1. VPQ group differences comparing TPRs with intensity 760
At the entire sample level (N=1056), 48 subjects changed group, representing 4.5%. 766
S2. Baseline comparisons and Light question analysis 767
Further one sample t-tests were conducted for a comparison to a baseline of '0' for all groups and all 768 conditions. Significant results were obtained in controls for synchronous condition, t(53) = 4. 
